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基于 HOSVD 的方法分别构造多项式 LPV 系统，即系统矩阵和输入矩阵中的元素都
是调度参数倾转角的多项式函数。通过分析比较两种方法的建模过程和建模准确度，
可知基于 HOSVD 的模型转换方法计算量更小。 


































A tilt rotor aircraft has the flight characteristics of both the fixed wing aircraft and the 
helicopter. It can not only fly a long distance at a high speed, but also has a low requirement 
of takeoff site. Moreover, it can switch flight mode among helicopter mode, fixed wing 
mode and transition mode to adapt to different flight condition. Because of these 
characteristics, people think highly of the application of tilt rotor aircraft in both military 
and civilian fields. It is a hot and difficult problem to design a controller for the transition 
mode of tilt rotor aircraft. Taking a small tilt rotor aircraft as a research object, the issues 
related to the transition mode are studied. The main work is as follows: 
Firstly, for a better research about the transition mode of tilt rotor aircraft, we decouple 
the full scale model and obtain the longitudinal model of transition mode when the aircraft 
satisfies the requirement of non-sideslip flight.  
Secondly, aiming at the longitudinal model of transition mode, a series of LTI models 
which can reflect the behaviors of the original system within the entire flight envelope are 
obtained through Jacobian linearization. Then LPV systems are constructed respectively by 
direct fitting method and HOSVD method. By comparing the modeling process and the 
modeling accuracy of two different modeling methods, the conclusion that HOSVD  
(Higher Order Singular Value Decomposition) method has a less computational burden and 
a higher accuracy is drawn. 
Finally, through the SOS (sum of squares) technique and Lyapunov stability theory, a 
controller for the LPV approximate model of transition mode from fixed wing mode to 
helicopter mode is designed. The result of the simulation verifies the effectiveness of model 
transformation and controller design method. To enhance the robustness of the controller 
with respect to the uncertainties of the aerodynamic parameters and eliminate the influence 
of exogenous disturbance, a disturbance observer is designed. Moreover the simulation with 
sinusoidal perturbation and parameter perturbation verifies its effectiveness. 
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过了 70 多年的时间，人类开发研制出了多种不同的型号，但结果并不太理想。 
XV-3 是世界上第一台倾转旋翼原型验证机，是由美国贝尔公司在 1955 年
研制成功的[7]（图 1-2 所示），通过变速箱与传动轴的作用来驱动旋翼系统。直





图 1-2 XV-3  

















冲速度达到 639km/h，直升机模态时的最大起飞重量为 6800kg，除此之外， XV-
15 原机型还能以 74km/h 后退飞行[9]。 
 
 
图 1-3 XV-15  
 
在 XV-15 的基础上，贝尔公司又与波音公司合作共同研制 V-22“鱼鹰”倾
转旋翼机。在 1989 年 3 月“鱼鹰”首次完成试飞，并引起美国政府的高度关注。




门研制了 V-280 倾转旋翼机（图 1-4 所示）[11]，且该机的设计方案已经入选美
国陆军联合多功能技术验证机（JMR-TD）项目。 
 





























图 1-6 鹰眼 
    
俄罗斯 Kronshtadt 集团研发的 Frigate 倾转旋翼机在 2016 年 5 月完成测试
该机将主要用于监视侦察、搜索营救、货物运输等操作，或将服役于俄罗斯航空
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